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PROBLEMS  IN  AERIAL  APPLICATION 

I.  Acute  Effects  of  the  Insecticide  Endrin  on  Renal  Function  and  Hemodynamics 


I.  Introduction. 

Renal  hemodynamic  changes  in  the  dog  dur¬ 
ing  the  curly  phase  of  acute  intoxication  by 
endrin,*  a  chlorinated  hydrocarbon  insecticide, 
have  lx*en  reported  by  this  laboratory.1  The 
sympat lip-adrenal  systems  have  been  assigned  a 
prominent  role  in  renal  vascular  response,  but 
no  attempt  has  been  made  to  define  a  priority 
of  function.  The  present  study  was  therefore 
designed  to  evaluate  the  relative  contribution  of 
tho  neural  and  humoral  components  of  the  renal 
vascular  response  to  endrin. 

II.  Methods. 

Acute  experiments  were  performed  on  five  in¬ 
tact  and  six  adrenalectomized  adult  mongrel  dogs, 
16  to  20  kg  in  weight  (Figure' 1).  Each  ani¬ 
mal  served  aft  its  own  control,  and  effects  of 
various  maneuvers  were  compared  to  a  con¬ 
trol  period  of  10  to  20  minutes  prior  to  admin¬ 
istration  of  endrin.  All  dogs  were  anesthetized 
with  sodium  pentobarbital**  (30  mg/kg)  ad¬ 
ministered  intravenously.  Convulsions  resulting 
from  administration  of  endrin  were  controlled 
by  suceinylcholine  chloride***  (0.5  mg/kg),  and 
respiration  was  maintained  with  a  Starling  res¬ 
pirator  using  room  air.  Control  samples  were 
taken  after  a  minimum  equilibration  period  of 
30  minutes.  Previous  studies  have  shown  that 
vascular  changes  due  to  suceinylcholine  chloride 
and  sodium  pentobarbital  are  minimal.5’ 3 

Endrin  was  administered  by  infusion  of  a 
lethal  dose  (10  mg/kg)  in  alcohol  (25  mg/ml) 
into  the  blood  reservoir.  A  priming  solution  of 
p-nminohippurate  (PAH)  and  creatinine  was 
added  to  the  blood  reservoir,  and  blood  levels 

•  Endrin  —  l,2,3,4.10,10-hexnchloro-C,7,-cpoxy-l,4,4a,5,0,7,8,8a- 
octa  -  hydro  -  1,J,  -  endo-endo-r>,8,-dlmethanonnpthalene,  obtained 
from  Nutrltlon.il  Biochemical  Corp.,  21010  Miles  Ave.,  Cleveland, 
Ohio. 

••  Nembutal,  obtained  from  Abbott  Laboratories,  N.  Chicago, 
III. 

Areetlne,  obtained  from  Burroughs  Wellcome  Co. 
Tuckaho.-,  S.V. 


were  maintained  by  continuous  infusion  with  a 
Harvard  infusion-withdrawal  pump.  Urine  was 
not  collected  since  renal  plasma  flow  (RPF) 
and  glomerular  filtration  rate  (GFR)  were  deter¬ 
mined  directly  from  the  arterial-venous  differ- 
encs  of  the  clearance  reagents.  Rena]  blood  flow 
was  measured  directly  with  a  graduated  cylinder 
and  stop  watch.  Blood  was  returned  to  the 
femoral  vein  from  a  reservoir  via  a  Sigmnmotor 
pump.  Systemic  arterial  pressure  (SAP)  was 
measured  from  the  cannulated  femoral  artery 
with  a  Statham  pressure  transducer  connected  to 
a  Sanborn  direct-writing  recorder. 

A.  Renal  denervation  experiments.  Five  experi¬ 
ments  were  performed  in  which  the  kidneys  were 
exposed  by  incision  through  the  flank  region  and 
the  renal  vein  cannulated  for  direct-flow  measure¬ 
ments.  Care  was  taken  to  avoid  severing  or 
damaging  renal  nerves.  Endrin  was  infused  as 
described  above  and,  following  a  steady-state 
response  of  renal  blood  flow,  phenol  was  applied 
to  the  renal  pedicle.  Flows  were  followed  to 
determine  the  effects  of  the  chemical  denervation. 
Surgical  denervation  was  then  performed. 
Phentolaminef  (2.5  mg)  was  injected  into  the 
renal  artery  after  flow  had  stabilized,  and  con¬ 
secutive  30-second  flows  were  taken  for  about  5 
minutes.  Phenoxybenzamineff  (10  mg/kg  in 
100  ml  of  saline),  another  adrenergic  blocking 
agent,  was  added  to  the  reservoir  and  infused 
intravenously.  The  experiment  was  terminated 
after  monitoring  systemic  pressure  and  arterial 
renal-blood-flow  changes  for  a  maximum  cf  30 
minutes. 

B.  Renal  denervation  experiments  on  adren- 
rdectomhed  animals.  Six  animals  were  adren¬ 
alectomized  surgically,  then  prepared  and  treated 
as  above. 

t  Regltlne — obtained  from  Ciba  rharmaceutlcal  Co.,  Summit, 

N.J. 

ft  Dlbenzyllne — supplied  through  the  courtesy  of  Smith, 
Kline,  nnd  French. 
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Figure  1.  Development  of  bradycardia  and  hypertension  after  endrln  In  Intact  and  nd^enalectomlzed  dogs. 


III.  Results. 

A.  Renal  denervation  experiments  (five  dogs) . 
These  animals  showed  a  marked  increase  in  renal 
resistance  with  decreased  renal  blood  flow,  sys¬ 
temic  hypertension  (Figure  2B),  and  brady¬ 
cardia  (Figure  3)  within  10  to  20  minutes  after 
infusion  of  endrin.  Denervation  of  the  renal 
pedicle  produced  a  variable  effect  on  renal  blood 
flow.  In  some  instances,  a  mild  increase  in  flow 
occurred.  Injection  of  phentolnmine  into  the 
renal  artery  of  these  animals  significantly  low¬ 
ered  renal  vascular  resistance  and  restored  blood 
flows  through  the  kidneys  to  a  level  nearly  equal 
to  control  values.  GFR  and  filtration  fraction 


showed  decreases  at  about  30  minutes  after  en¬ 
drin,  but  subsequently  recovered  (Figure  3). 

B.  Renal  denervation  •?  adrenalectomized  ani¬ 
mals  ( six  dogs).  The  mean  increase  in  systemic 
arterial  pressure  and  development  of  bradycardia 
were  similar  in  adrenalectomized  animals  and  in 
intact-animal  experiments  (above).  There  was 
a  variable  effect  on  renal  blood  flow  in  contrast 
to  results  obtained  from  animals  with  intact 
adrenals  (Figure  2A).  The  mean  effects  of  de¬ 
nervation  and  phentolnmine  were  less  than  those 
observed  in  intact  animals,  although  infusion 
of  phenoxybenzamine  resulted  in  a  marked  in¬ 
crease  in  blood  flow.  Filtration  fraction  re- 


o 


ADRENAtECTOMIZED 


TIME  (min.)  -10  0  10  20  30 

I - 1 - h— 1 - 1 


CHEMICAL  SURGICAL 

DENERVATION  DENERVATION 


0  2  4  6  8 

!■■■■»  I  I  I 


0  2  4  6  8 
l-l-l  1  I 


r^r 


PHENTOLAMINE 

0  1  2  3  4  5  6 
I-+-  I  I  I  I  I 


PHENOXYBENZ  AMINE 


FiiintH  2A.  Effects  of  denervation  nnd  adrenergic-blocking  agents  on  ndrennlectomlzed  docs  administered  endrln. 
Mean  changes  and  slandard  errors  for  systemic  arterial  pressure  ( RAP)  and  renal  blood  flow  (RBF)  for  each 
procedure  on  six  ndrcnulcctomlzcd  does.  P  values  for  SAP  changes  are  0.01  for  the  period  of  endrln  response 
anil  o.l  or  greater  for  responses  to  other  maneuvers,  p  values  for  KItF  changes  are  0.1  for  each  maneuver. 
/»  values  were  calculated  for  the  final  point  plotted  for  each  maneuver  as  compared  to  zero  rime  for  that  mn* 
ncuvor.  Zero  time  In  each  instance  Indicates  that  measured  renal  biood  flow  had  been  Stable  f.  r  1  to  4  minutes. 
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FiGt’RE  2R.  Effects  of  denervation  and  adrenergic-blocking  agents  on  Intact  dogs  administered  endrln. 

Mean  changes  and  standard  errors  for  five  intact  dogs  are  as  described  for  Figure  2A.  p  values  for  SAP  are 
0.1  or  larger  for  all  maneuvers  except  the  response  to  phenoxybeuznmine  where  p  value  Is  0.0!).  p  values  for 
ItBF  are  0.05  for  response  to  endrln  nnd  phentolnmine  and  0.1  or  larger  for  responses  to  other  maneuvers. 
p  values  were  calculated  as  In  Figure  2A. 
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Florae  a.  f'omp*rl«)n  of  the  mean  vhatut*-*  and  standard  error*  for  glomerular  miration  ran*  (OFRl.  bit  ra¬ 
tion  fraction  tl’l'ciwt'  from  clear*  urc  of  creatinine,  and  heart  rate  In  Intact  ala)  Mdreimlectumlied  animal* 
administered  ritdrln. 

p  value*  for  tlFtt  are  0.1  for  all  point*  except  tbe  30-mlnute  sample  In  Intact  anlimtU.  which  la  O.Ot".  p 
value*  for  FF,.1Ml  are  ti.l  or  lea*  for  nil  point*  plotted,  p  value*  for  heurt  rule  arc  0.1  for  the  HHulnule  jiolnt 
lu  both  grout*  and  the  OO-ttiluie  point  for  Intact  doc*.  All  other  point*  have  a  p  value  of  0.01  In  both  groujw. 

1‘ulnta  at  the  tup  of  the  figure  Indicate  the  mean  time  at  which  tin*  pruerdure*  indlculed  lu  Figure*  2A  and 
2U  went  doue. 


mained  constant,  ami  GFR  showed  only  a  alight 
depression  at  uu  earlier  time  (Figure  3).  Figure 
1  allows  the  record  of  development  of  hyperten¬ 
sion  and  brudyrurdiu  after  ettdriu  in  typical  in¬ 
tact  mid  udremdectoniized  animats. 


IV.  Dlacusaion. 

Factors  that  may  be  involved  in  changes  of 
renal  function  after  eodrin  jk>  homing  are  the 
effects  of  endrin  on  the  utlrenal  glands,  the  cen¬ 
tral  nervous  system,  and  on  the  kidney  directly. 
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Ini  nr  I  dogs  in  these  studies  drvplu|ied  decreased 
glomerular  fill  rat  ion  rates  and  mud  Mood  flow 
w  ith  systemic  hy|a'i'ti*nsiim  anti  bradycardia  dur¬ 
ing  (hr  first  hour  after  csjuimiit  nml  demon¬ 
strated  a  tendency  to  return  toward  control 
values  with  time  ( Figure  1)). 

It  a|i|warH  that  endrin  1ms  no  direct  rffrei 
<m  the  kidney  vusculnt tire,’  silire  previous  work 
}n»*s  demons! rated  that  emlrm  stimulated  the  sytn- 
pafho-ndrcnnl  system,  and  an  adrenergic  block* 
ing  agent  caused  return  of  mini  blood  flows 
toward  control  vat  ties.  Animals  that  ttpreatiren* 
nlectntuized  tlid  not  develop  the  inarketl  increase 
in  renal  resistance  seen  in  intact  animal*.  Iswk 
of  res]Minse  in  adrennlwtoinizeil  dogs  (Figure 
2A)  and  the  slump  increase  in  renal  Wood  flow 
when  phentolumiue  was  administered  to  intact 
nniiiiiils  (Figure  211)  nrc  evidence  that  changes 
in  reiml  vnseulnr  resistanee  are  primarily  due 
to  circulating  catecholamines. 

Changes  in  GKH  in  ini  net  uniuudH  coincident 
with  development  of  hy|>ertcnsion  mid  decreased 
renal  blood  flow  could  also  be  accounted  for  by 


circulating  agents  that  cause  afferent  arteriolar 

constriction. 

The  antorrgulatory  response  of  increased  renal 
resistance  to  systemic  hypertension  has  Iteen 
shown  tn  I*  only  n  fraction  of  the  total  change 
seen  in  emlrin  poisoning.1  In  the  adrenalec* 
(omitted  animals,  (hit  .mi!  'regulatory  resjwnsc  be¬ 
comes  more  significant  as  systemic  hypertension 
and  bradycardia  develop  to  the  same  extent  in 
adrenalectcuiiized  animals  as  in  intact  (Figure  1) 
hut  with  a  much  smaller  increase  in  renal  vas¬ 
cular  resistance  (Figures  2A  and  2B). 

Effects  of  the  central  nervous  system  on  the 
kidney  may  be  derived  (a)  directly  from  neural 
cuntrul  of  the  renui  vascular  bed  or  (b)  indirectly 
from  centnd  nervous  *ystem'|»teiitiated  systemic 
hy|HUteiision  and  adrenal-gland  discharge.  Di¬ 
rect  neural  control  1ms  a  minor  and  variable 
role  as  indicated  by  changes  in  blood  flow  dur¬ 
ing  the  denervation  experiments  (Figure  2A 
and  2B).  Systemic-  hypertension  causes  nr  auto- 
regulatory  res|>onse  that  has  previously  teen 
shown  to  play  a  minor  role  in  changes  in  renal 
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vascular  resistance.’  This  evidence  indicate*  that 
tiie  major  influence  entisin#  dumpe*  i*>  the  renal 
vascular  IxhI  in  irsjamsr  to  acute  riidrin  |mh*oii- 
in  it  was  from  effects  of  circulatm#  catecholamine* 
aripiitaiin#  from  the  adrenal  #landx. 

The  schema  of  Figure  -t  |urr*cnis  a  summary 
of  way*  in  which  emirtn  may  alien  tiir  kidney 


hemodynnmicatly  ami  functionally,  directly 
through  central  nervous  system  ji-otonf i ->te<i  tv- 
lease  of  catecholamine*  ami  sympathetic  nerve 
<li«c|iar#e,  or  indirectly  through  systemic  hy|>er' 
tension  tint l  ituitirvpiUiiiin  in  untie  |unsnuiug  nml 
termiiml  systemic  hy|toleu«hm  m  chronic  poison¬ 
ing.' 
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PROBLEMS  IN  AERIAL  APPLICATION: 

II.  Peripheral  Vascular  Effects  of  the  Insecticide  Endrin* 


I.  Introduction. 

A  clearer  understanding  of  the  mechanism  of 
action  of  insecticides  is  needed  in  order  to  deal 
more  comprehensively  with  insecticide  poison¬ 
ing.  This  is  especially  true  in  the  case  of  crop¬ 
dusting  pilots,  who  are  repeatedly  exposed  to 
insecticides.  Acute  exposure  to  chlorinated  hy¬ 
drocarbon  insecticides  may  be  fatal  in  animals 
or  man,  whether  absorption  is  by  ingestion,  in¬ 
halation  or  dermally.1’  *  This  group  of  insecti¬ 
cides  includes  a  large  number  of  compounds, 
ranging  in  toxicity  from  DDT,  which  is  only 
moderately  toxic  to  mammals,  to  endrin,  a 
highly  toxic  poison  in  animals  and  man.  Until 
recently,  little  was  known  of  the  cardiovascular 
effects  of  endrin  poisoning.  Reports  from  this 
laboratory  have  shown  that  lethal  intravenous 
infusion  of  endrin  causes  severe  cardiovascular 
alterations  in  the  dog,  including  early  hyperten¬ 
sion  followed  by  hypotension,  bradycardia,  in¬ 
creased  cerebrospinal  fluid  and  cerebral  venous 
pre-mre,®  and  increased  renal  vascular  resist¬ 
ance.10  Hyperactivity  of  the  sympathetic  and 
parasympathetic  nervous  systems  also  has  been 
indicated.2  The  chlorinated-hydrocarbon  insecti¬ 
cides  aldrin  and  dieldrin  also  cause  deleterious 
vascular  and  neurological  effects  in  animals.3- 4 
The  present  investigation  was  undertaken  to  de¬ 
lineate  the  peripheral  vascular  effects  of  acute  and 
lethal  endrin  poisoning  in  the  dog. 

II.  Methods. 

Mongrel  dogs  of  both  sexes  were  intravenously 
anesthetized  with  sodium  pentobarbital,  30 
mg/kg.  Pressures  were  obtained  with  Statham 
pressure  transducers  and  recorded  using  a  San- 
l>orn  direct-writing  recorder.  Heparin  sodium, 
3  mg/kg  body  weight,  was  used  as  anticoagulant. 
Ten  experiments  were  completed  as  follows. 
Pressures  wer-»  obtained  from  four  sites  along 
the  vascular  system  of  a  dog  forelimb  using  a 
modification  of  the  ITaddy  technique  to  seg- 

•  With  the  tiHxIxtnnep  of  It.  K.  Unpin  nn<!  C.  C.  Gill. 


ment  the  limb  vascular  bed;5  limb-brachial-artery 
orifice  pressure  (LAP)  was  taken  as  aortic  blood 
pressure;  small  artery  pressure  (SAP)  was  ob¬ 
tained  from  a  PE  50  cannula  placed  in  a  meta¬ 
carpal  artery  and  advanced  retrograded  under 
the  foot  pad;  small  vein  pressure  (SVP)  was 
measured  through  PE  50  tubing  secured  in  a 
digital  vein  with  its  tip  pointing  upstream;  and 
large-vein  orifice  pressure  (LVP)  was  maintained 
at  atmospheric  pressure.  The  forelimb  was  sur- 
gienlly  separated  from  the  body  except  for  the 
bone,  artery,  and,  in  half  of  the  series,  the  major 
nerves.  The  limb  was  perfused  at  natural  flow 
through  the  intact  brachial  artery  at  the  dog’s 
systemic  arterial  blood  pressure.  Venous  blood 
flowed  by  gravity  from  the  cut  brachial  and 
cephalic  veins  into  a  plastic  reservoir  and  was 
returned  to  the  animal  through  a  cannulated 
femoral  vein  by  a  Sigmamotor  pump.  The  ex- 
tracorporeal  system  consisted  of  plastic  tygon 
tubing  and  was  primed  with  100  cc  of  higli- 
molecular-weight  dextran.**  Limb-blood-flow 
rates  (BF)  were  obtained  with  a  graduated  cylin¬ 
der  and  stopwatch.  Resistances  were  calculated 
by  dividing  the  pressure  difference  across  a  par¬ 
ticular  vascular  segment  by  the  total  le"  Wood 
flow  (limb  resistances:  total =LAP-LVP/BF; 
arterial  =LAP-SAP/BF;  small  vessel = SAP- 
SVP/BF ;  venous = SVP-LVP/BF) .  Aortic 
blood  pressure  of  the  animal  was  recorded  from 
a  cannulated  femoral  artery.  Hematocrits  and 
pH’s  were  determined  from  femoral  vein  blood, 
Electrical  activity  was  recorded  from  a  flank 
muscle  of  the  dog  (biceps  femoris)  and  from 
a  muscle  group  of  the  forelimb  being  studied. 
Stainless-steel  needles,  placid  longitudinally  in 
the  muscles  4  to  8  cm  apart,  were  utilized.  Lethal 
amounts  of  endrin  insecticide,  10  mg/kg  of  body 
weight,  were  infused  intravenously  at  0.5  to  1.0 
ml/min.  The  ethanol  solution  contained  ap¬ 
proximately  25  mg/ml  of  endrin. 

•*  Obtained  from  Cutter  Laboratories,  Berkeley,  California. 
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Five,  innervated,  isolated,  dog- limb  prepara¬ 
tions  were  prepared  as  described  above  except 
that  the  bone  was  severed  to  allow  continuous 
weighing  of  the  limb  with  a  strain-gauge  weigh¬ 
ing  device.  Changes  of  limb  weight  of  0.1  gram 
could  be  determined  accurately.11  Animals  were 
pretreated  with  the  muscle  relaxant  succinyl- 
choline  chloride  (Anectine,  0.5  mg/kg  body 
weight)  to  prevent  convulsions  that  interferred 
with  limb  weight  measurements.  Additional 
succ inylcholine  was  given  as  needed.  Respiration 
was  accomplished  by  means  of  a  Harvard  con¬ 
stant-volume  respirator.  Endrin  insecticide  was 
given,  and  all  parameters  were  followed  for  30 
minutes,  at  which  time  the  limb  nerves  were 
severed.  The  adrenergic  blocking  agent,  phento- 
lumine  (Regitine,  5  mg),  was  then  injected  into 
the  brachial  artery. 

Ten  control  experiments  were  completed  in 
which  the  animals  received  only  the  alcohol  car¬ 
rier  used  in  the  endrin-infusion  series.  Five 
limbs  were  innervated  and  five  were  denervated. 

III.  Results. 

A.  General.  Severe  tonic-clonic  convulsions  ap¬ 
peared  in  all  animals  approximately  10  minutes 
after  the  onset  of  endrin  infusion,  except  in  the 
sueeinylcholinc-treated  group.  Electrical  activity 
in  the  dog  flank  muscle  of  both  groups  reached 
a  mean  peak  frequency  of  223  per  minute  20  to 
30  minutes  after  endrin.  Bradycardia,  copious, 
mucoid  salivation,  and  hyperexcitability  to  noise 
also  occurred. 

B.  Innervated  foreUmb  experiment s.  Mean  data, 
with  standard  errors,  before  and  after  infusion 
of  endrin  are  presented  in  Figure  1.  Total  limb 
vascular  resistance  increased  from  2.5  to  4.6 
resistance  units  (mm  Hg/ce/min)  10  minutes 
after  endrin  and  rose  to  5.2  units  by  30  minutes. 
Most  of  the  early  increase  occurred  in  the  small 
vessel  segment  (small  artery  to  small  vein), 
while  the  arterial  segment  contributed  the  major 
resistance  to  blood  flow  during  the  later  phase. 
Limb  blood  flow  decreased  progressively  from 
approximately  20  to  6  cc/min  per  100  gm.  Mean 
electrical  activity  rose  from  near  zero  to  peak 
frequency  of  284  and  435  per  minute  in  the  dog 
flank  muscle  and  forelimb  muscle,  respectively. 
Systemic  arterial  blood  pressure  showed  an  early 
increase  but  decreased  from  20  minutes  post- 
endrin  until  the  end  of  the  experiment.  These 
changes  were  accompanied  by  a  marked  fall  in 


blood  pH  from  7.21  to  6.07  nnd  increased  hem¬ 
atocrit.  Respiration  was  spontaneous  and  essen¬ 
tially  the  same  frqncncy  ns  the  convulsions. 

C.  Denervated  forelimb  experiments.  Figure  2 
shows  mean  data,  with  standard  errors,  before 
and  after  endrin  infusion.  Limb-vnscular-resis- 
nnce  increases  were  similar  to  the  innervated 
group  (Figure  1)  for  the  first  10  to  15  minutes 
after  endrin.  Beyond  this  point,  limb  resistance 
increased  steeply  to  high  levels,  most  of  this  re¬ 
sistance  increase  occurring  in  the  small  vessel  seg¬ 
ment.  Limb  blood  flow  decreased  from  28  to  2 
cc/min  per  100  gm.  Electrical  activity  increased 
from  a  mean  frequency  of  near  0  to  160  per 
minute  in  the  dog  flank  muscle  but  did  not 
change  appreciably  in  the  denervated  forelimb. 
Systemic  arterial  blood  pressure  increased  ini¬ 
tially  and  fell  subsequently  ns  in  the  preceding 
group.  Blood  pH  fell  from  7.25  to  6.69  and 
hematocrit  increased. 

D.  Innervated,  weighed  forelimb  experiments. 
Figure  3  gives  mean  values,  with  standard  errors, 
showing  the  effect  of  endrin  on  leg  weight  and 
other  parameters.  Arterial  blood  pressure  be¬ 
gan  to  increase  at  about  the  15th  minute  follow¬ 
ing  the  start  of  endrin  infusion  nnd  continued 
upward  for  the  remainder  of  the  experiment. 
Blood  flow  in  the  isolated  limb  fell  from  16  to 
4  cc/min  per  100  gms  of  leg  and  total  limb 
resistance  increased  approximately  five  fold,  most 
of  which  was  due  to  an  increased  resistance  in 
the  small  vessel  segment.  Venous  resistance  also 
increased  approximately  five  times  over  control. 
Concomitant  with  these  changes  was  a  steady  loss 
of  leg  weight  (—5.5  gm)  and  increase  in  total 
body  hematocrit.  Blood  pH  fell  from  7.32  to  7.14, 
a  value  appreciably  higher  than  in  the  preceding 
groups  in  which  respiration  was  spontaneous. 

Figure  4  represents  mean  data  showing  the 
effect  of  denervation  and  adrenergic  blockade  on 
limb  resistances  after  endrin.  Sectioning  the 
nerves  to  the  isolated  limb  at  the  peak  post- 
endrin  response  resulted  in  an  immediate  fall  in 
total  resistance  of  five  resistance  units,  and  sub¬ 
sequent  injection  of  phentolamine  dropped  total 
resistance  another  five  units.  Most  of  the  re¬ 
sistance  drop  was  in  the  small  vessel  segment. 
Limb  nerve  section  in  control  experiments  de¬ 
creased  total  limb  vascular  resistance  approxi¬ 
mately  100%,  while  phentolamine  injected  into 
tin-,  same  limbs  did  not  appreciably  affect  limb 
resistances. 
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Control  experiments,  in  which  only  alcohol  was 
Jfivt*n,  were  completed  for  all  of  the  precedin'; 
groups  and  showed  no  appreciable  changes  from 
baseline  levels. 

IV.  Discussion. 

Results  from  this  investigation  show  that  fore- 
limi)  vascular  resistance  increases  markedly  with¬ 
in  a  few  minutes  after  intravenous  administra¬ 
tion  of  lethal  amounts  of  endrin  insecticide.  Most 
of  the  total  resistance  increase  is  usually  in  the 
small  vessel  segment,  of  which  the  arterioles  con¬ 
stitute  the  major  resistance  to  blood  flow. 

A.  .1/  tehanixmx  of  tvtxcufar  rexixtanre  chanrjex.  It 
is  apparent  that  sympathetic  innervation  of  limb 
vessels  is  not  necessary  for  the  large  resistance 
increases  following  endrin  administration.  The 
resistance  patterns  of  the  innervated  and  dener- 
vated  groups  (Figures  1  and  *2)  arc  similar  for 
the  first  10  to  15  minutes  after  endrin;  however, 
the  experiments  in  which  nerve  section  and  phen- 
tolamine  injection  were  completed  after  endrin 
indicate  that  the  nerves  can  account  for  a  con¬ 
siderable  portion  of  the  total  resistance  increase. 
Karlier  experiments  show  that  in  the  kidney  the 
increased  vascular  resistance  that  normally  occurs 
following  endrin  infusion  is  due  primarily  to 
circulating  catecholamine-like  agents  but  that 
the  nerves  also  play  a  role.10  The  observation 
that  resistance  increases  considerably  more  in 
the  denervated  limbs  than  the  innervated  is  note¬ 
worthy.  It  might  be  expected  that  resistance 
in  the  innervated  limbs  would  increase  as  much 
as,  or  more  than,  in  the  denervated  limbs;  how¬ 
ever,  the  opposite  occurs.  Recall  that  most  of  the 
early  increase  in  limb  resistance  in  both  groups  is 
in  the  small  vessel  segment.  However,  resistance 
in  this  segment  begins  to  fall  in  the  innervated 
limb  while  it  continues  to  rise  in  the  denervated 


ones  at  10  to  15  minutes  post.- endrin.  The 
difference  in  these  groups  is  probably  due  to  the 
high  level  of  muscle  activity  in  the  innervated 
limb  and  subsequent  high  local  concentration  of 
vasodilator  metabolites  that  antagonize  the  effects 
of  sympathetic  nerve  activity  and  circulating 
constrictor  agents.  It  has  been  shown  elsewhere 
that  a  slight  local  excess  of  metabolic  breakdown 
products  causes  an  active  decrease  in  limb  resist¬ 
ance,  most  of  which  occurs  in  the  small  vessel 
segment.® 

B.  3/ echanimn  of  vaxcular  fluid  xhiftx.  The  dis¬ 
proportionately  large  increase  in  pre-capillary 
resistance  compared  to  the  increase  of  post- 
cnpillary  resistance  and  fall  in  limb  blood  flow 
should  result  in  a  decreased  capillary  pressure 
and  consequent  loss  of  interstitial  fluid.  This 
is  indicated  in  the  last  group  of  dogs,  in  which 
limb  weight  falls  progressively  after  endrin. 
Most  of  the  early  weight  loss  can  be  explained 
as  a  result  of  decreasing  blood  flow  and,  probably, 
capillary  renbsorption.  The  later  fall  in  weight 
when  limb  flow  stabilizes  appears  due.  primarily 
to  capillary  reabsorption  of  interstitial  fluid; 
however,  resistance  continues  to  increase  so  a  fur¬ 
ther  decrease  in  vascular  volume  ennnot  be  ex¬ 
cluded.  Since  the  hematocrit  increases,  it  seems 
unlikely  that  hemoconcentration  results  from  loss 
of  vascular  fluid  in  peripheral  skeletal  muscle  or 
skin. 

The  development  of  severe  hypertension  after 
endrin  in  the  nonconvulsing  group  compared  to 
the  hypotension  in  the  convulsing  groups  is  not 
readily  explainable,  Succinylcholine  chloride 
has  no  cardiovascular  effects  in  the  concentra¬ 
tions  used.2  The  extremely  low  pH's  in  the  con¬ 
vulsing,  sjiontaneously  breathing  dogs  might  play 
a  role  in  their  failure  to  develop  hypertension.7, 9 
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«ulrin.  and  (he  efT**-t*  of  ilenervalbm  and  mlrvnerglc  blockade  ( pbentolamlne  >  on  limb  renletanrfM  an*  ahown.  Animal*.  were  pret rented  with  the  mtm-le 
relaxant  KUivlnyUholine  chloride. 
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PROBLEMS  IN  AERIAL  APPLICATION: 


III.  Mechanisms  of  Hcmoconcentration 
I.  Methods. 

A.  (fencral.  In  45  experiments,  mongrel  clogs  of 
both  sexes  were  anesthetized  intravenously  with 
sodium  pentobarbital,  110  mg/kg.  Heparin  sodium, 
3  mg/kg  body  weight,  was  used  as  anticoagulant. 
Superletlml  amounts  of  endrin  insecticide,  10  mg/ 
kg  laxly  weight,  were  infused  intravenously  at 
0.5  to  1.0  ml/min.  The  endrin  was  dissolved  in 
05%  ethanol  (approximately  30  mg/ml).  The 
effect  of  the  alcohol  carrier  has  lx?en  previously 
tested  and  has  no  systemic  effect  on  the  measured 
parameters  at  the  rates  used.  Pressures  were 
obtained  with  Statham  pressure  transducers  and 
recorded  on  a  Sanborn  direct-writing  recorder. 
In  all  of  the  following  groups,  mean  systemic 
arterial  blood  pressure  and  heart  rates  were  ob¬ 
tained  from  a  cannulated  femoral  artery.  Blood 
i»n  was  determined  before  and  after  endrin  with 
a  Beckman  expanded-scale  pTI  meter.  Hemato¬ 
crits  were  measured  before  and  usually  at  10- 
minute  intervals  after  endrin  using  a  micro- 
capillarv  centrifuge.  Gross  visual  and  histologi¬ 
cal  examination  of  the  lungs  for  edema  was  usu¬ 
ally  made  at  the  end  of  each  experiment. 

B.  Splcnertomized  and  eviscerated  animals.  To 
determine  whether  hemoeoneentration  after  en¬ 
drin  is  associated  with  splenic  release  of  erythro¬ 
cyte  rich  blood  or  if  hepatosplanchnic  pooling  is 
involved,  the  spleen  was  removed  through  a  mid- 
line  incision  in  10  dogs,  while  total  evisceration 
was  complet'd  in  10  others.  Endrin  was  then 
infused  into  these,  dogs  and  was  also  given  to 
10  sham-operated  animals. 

(\  Dog  perfused -lung  preparation.  In  each  of 
five  experiments,  a  table  dog  was  used  to  supply 
blood  to  perfuse  an  isolated  lung.  The  pulmonary 
artery  was  connected  to  the  femoral  artery  of 
the  table  dog  with  tygon  tubing,  and  constant- 
flow  perfusion  of  the  lung  was  established  with 
Sigmamotor  pump.  The  lung  was  removed  from 
the  donor-animal's  laxly  and  placed  on  a  plastic 
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tray  to  allow  continuous  weighing  with  a  strain- 
gauge  weighing  device.’  Blood  from  the  cut  pul¬ 
monary  vein  flowed  by  gravity  into  a  reservoir 
and  was  returned  to  a  cannulated  femoral  vein 
of  the  table  dog  by  a  Sigmamotor  pump.  Pul¬ 
monary-artery  j>erfusion  pressure  was  monitored 
from  the  inflow  tubing.  Pulmonary  blood  flow 
was  measured  with  a  cylinder  and  stopwatch. 
Endrin  was  infused  into  the  pulmonary  artery 
of  the  isolated  lung  and  passed  to  the  table  dog 
in  the  venous  blood.  Any  direct  effect  of  endrin 
on  the  lung  vasculature  should  therefore  become 
evident  before  affecting  the  table  dog. 

D.  Venous-return  preparation.  In  contrast  to  the 
other  dogs,  these  animals  received  succinylcholine 
chloride  to  prevent  convulsions.  The  basic  prepa¬ 
ration  has  been  described  in  detail  elsewhere.3 
Blood  was  led  from  the  cannulated  superior  and 
inferior  vena  cavae  through  tygon  tubing  into 
a  reservoir,  situated  in  a  warming  water  bath, 
and  returned  to  the  cannulated  right  atrium  with 
a  Sigmamotor  pump.  The  azygos  vein  was  li¬ 
gated.  Total  venous  return  (cardiac  inflow  or 
pulmonary  blood  flow)  to  the  heart  was  measured 
with  a  cylinder  and  stopwatch.  The  reservoir 
level  was  maintained  constant  with  the  return 
pump.  Small-bore  catheters  were  secured  in  the 
pulmonnry  artery  and  left  atrium  through  needles 
that  were  subsequently  withdrawn,  and  pressures 
were  recorded.  Right-atrial  pressure  was  recorded 
from  the  inflow  tubing.  Total  pulmonary  vascular 
resistance  (pulmonary  artery — left  atrial  pres¬ 
sure/pulmonary  blood  flow)  was  calculated  at  10- 
minute  intervals  after  endrin.  All  of  the  above 
parameters  were  followed  for  60  minutes  after 
endrin  administration.  An  earlier  report  from 
this  laboratory  has  shown  the  venous-return  pre¬ 
paration  to  be  comparably  stable  over  this  period 
of  time  and  usually  longer.4 

E.  Mean  corpuscular  volume.  In  five  splenectom- 
ized  dogs,  blood  pH,  duplicate  hematocrit,  and 
duplicate  red  blood  cell  counts  were  determined 
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before  titul  1.1  dint  30  minutes  after  endrin.  Meat, 
corpuscular  volume  was  calculated  by  dividing 
the  percentage  of  red  blood  cell*  per  1.00ft  ml  of 
whole  blood  by  the  red  cell  count  (erythrocytes 
{vr  cubic  millimeter  of  hhsst). 

II.  Results. 

< intend  effects  of  eiulriu  seen  in  nil  group* 
include  severe  tonto-elntiic  convulsions  and  hyper* 
excitability  to  noise  (except  in  sucrinylcholinr- 
treated  animals),  bradycardia,  copious  mucoid 
salivation,  decrease*!  blood  pH,  and  increased 
hematocrit  ns  previously  reported.’  Histological 
examination  of  lung  tissue  in  nil  groups  after 
endrin  showed  little  evidence  of  pulmonary 
edema;  however,  by  gross  examination,  some 
lungs  appeared  edematous. 

Mean  values,  with  standard  errors,  of  percent 
change  in  hematocrit  from  pre-endrin  levels  and 
systemic  arterial  blood  pressures  from  10  spinier- 
tomized,  1ft  eviscerated,  und  1ft  sham-opetated 
dogs  receiving  lethal  amounts  of  endrin  are 
graphed  in  Figure  1.  Arterial  blood  pressure  of 
the  shnni-operuted  group  failed  to  fall  until  nitwit 
•2ft  minutes  ufter  endrin  but  decreased  steadily 
beyond  this  {toiiit.  Wood  pH  decreased  from 
7.29  to  6.8.1  and  6.88  by  30  to  60  minutes,  rcspec- 
lively,  nfter  endrin.  Arterial  blood  pressure  of 


i  1m*  spleoe*i..mi*^-.l  un.l  ecus' crated  group.*  l>egntt 
In  fall  immediately  after  endrin  and  continued 
downward  to  levels  significantly  lower  (P<0.01) 
than  the  sham-operated  group  hy  60  minutes 
j>ost -endrin.  Wood  pit  in  the  splenectomixed 
dogs  decreased  from  7.29  to  C.OG  and  6.71  at  30 
and  60  minutes,  respectively,  nfter  endrin;  blood 
pH  fell  from  7.21  to  mid  6.49,  resjwtiveiy. 
at  30  ar.d  60  minutes  post  endrin  in  the  aviacar* 
tiled  group.  the  hematocrit  increases  uf  the 
splenertomixrd  and  eviscpratetl  groups  are  not 
significantly  ditfereut  (8r(  incrense  each)  and 
attnined  a  value  about  half  as  high  as  tW  whom* 
ojiernted  group  (14**  increase)  by  IK)  minutes 
after  endrin.  This  relationship  was  maintained 
as  the  Uemut.s-rits  remained  relatively  constant 
( 8ri,  7rf  and  1.1rc  iiirtva.se  respectively)  from 
3ft  to  60  minutes  after  endrin. 

Table  1  shows  the  elfect  of  endrin  on  mean 
corpuscular  volume,  hematocrit,  ivd-cell  count. 
pH,  and  arterial  bliss)  pressure  in  five  splcnec- 
lionized  dogs.  Arterial  blots!  pressure  fell,  severe 
acidosis  developed,  hciiiutis'rit  increased,  erythro¬ 
cyte  comvatrution  increased  slightly,  and  the 
calculated  mean  corpuscular  volume  increased  in 
four  of  five  ex|s*riments. 

Figure  2  gives  mean  data,  with  standard  errors, 
showing  the  effect  of  endrin  on  tlip  table  dog  und 


Tabus  1,  Effect  of  endrin  on  mean  cortiuseulur  volume  In  *|ileiws-tomla«t  iloioc 
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isolated  long.  As  nricrin!  Mood  pressure 

of  flic  table  dug  decreased,  pulmonary  artery 
pressure  of  tin*  isolated  lung  increased  from  Id 
to  mm  Hg.  Tim  riff  imlieafr*  an  increase  in 
tnfiii  pulmonary  vascular  twist <tnt-«*  since  flow 
is  constant.  lutiig  weight  underwent  a  slight 
increase  until  l.'»  minute*  after  endrin  and  then 
deeream'd  by  'i.'J  gm  as  |  m  lino  miry  art  cry  prepare 
achieved  a  |H>:tk  increase. 

Figure  a  slums  tim  tilt  totul  pulmonary 

resistance,  hematocrit.  uml  systemic  arterial  blood 
pressure  in  thr  venous  return  preparation.  Sys¬ 
temic  aiici  in  I  hfooti  pressure  fin(  not  change 
significantly  hy  gti  minute*  after  emlriu.  while 
pulmonary  vascular  resistance  increased  from 
o.nl'J  to  (i.utl*.  Hematocrit  increased  during  this 
period  from  I4rt  to  fs'*  nml  stahiliited  at  this 
value.  From  go  to  pi  minutes  ufier  emlriu,  sys* 
temir  arterial  pressure  increased  markedly  ami 
fell  to  a  value  still  aimer  eimtrol  hy  •!»  minutes, 
liming  this  period,  pulmonary  vascular  resist- 
anee  remained  at  an  elevated  vuliie.  The  develop¬ 
ment  of  extreme  hypertension  after  emlriu  in 
these  Mire  illy  leholine-t  renled  animals  (non con¬ 
vulsing)  was  a  consistent  finding  and  is  in  marked 
emit  rust  In  the  early  iiy|mlriision  in  the  animals 
in  ivhieh  eoiiviilsions  are  nut  prevented.1  This 
striking  ditferem-e  is  not  readily  explainable  Imt 
may  In-  related  to  the  more  severe  ucitheds  tln.t 
develojNsi  in  the  eimviilsiug  dogs  or  to  the  Con¬ 
vulsion*. 

Figure  I  gives  mean  values  with  standard  errors 
slunviug  the  effect  of  emlriu  on  several  parameters 
in  the  name  venous  return  animals  of  Figure  3. 
Cardiac  inlloiv  (pulmonary  Mood  floiv)  '  creased 
from  To  to  h.'l  ce  min  per  kg  of  dog  hy  3o  iniuutes 
after  emlriu  us  previously  observed  (I’rins,  1). 
and  L,  li.  ilinshaiv,  mipuhlislied  oUservations). 
After  4<>  minutes,  puliuomtry  blood  flow  liegan 
to  dec  lease  uml  leveled  at  .'»!>  re  mill  |ier  kg  hy 
the  experiment  a  end.  I^efr  atrial,  pulmonary- 
artery.  mid  right  utriul  pressure  increased  mark¬ 
edly  hy  lit)  minutes  [x»st  -endrin. 

III.  Disciumion. 

The  heinatocril  can  increase  due  to  uu  increase 
in  erythrocyte  size  and  or  an  inereu.se  in  erythro¬ 
cyte  concentration.  The  concentration  of  red 
blood  cells  can  increase  through  (u)  loss  of  plasma 
water  as  a  result  of  filtration;  <b>  addition  of 
erythrocytes  to  the  circulating  idood  volume;  or 
(cj  a  combination  of  Isith.  Itesults  show  that 


apprcsimately  half  of  tla  rise  la  Imumics  i  it  «f(«r 
endrin  occurring  in  intact  sham-ojierated  dog*  i* 
prevented  hy  removal  of  the  spleen,  indicating 
that  expulsion  of  cel!  rich  blood  from  spleen 
storage’  is  responsible  for  an  appreciable  portion 
of  (lie  hemntoriit  elevation. 

"Hie  hem.it fw>c|i  increase  sera  in  spletivctotutEetl 
dogs  apjirars  to  involve  other  mechanisms;  An 
effective  means  for  concent  rat  mg  ml  blood  celts 
is  t»y  extravasation  of  vascular  fluid,  but  this 
(has*  not  seem  to  occur  in  thr  hejoitosplanchnic 
region  as  evidenced  hy  this  study  and  in  another 
rcpnrf  showing  uu  evidence  for  tow*  of  v«scutar 
water  in  skeletal  muscle  ( Kinrrsnu,  T.  K.,  dr,  anti 
llilishnw.  !,.  It.,  suhinilled  for  publicatioli).  The 
pulmonary  vascular  lied  is  a  jaissible  site  for  loss 
of  vnscutar  water  ami  cannot  lie  excluded  as  being 
involved  in  the  post -endrin  hematocrit  increase. 
Kven  though  lung  weight  fell  in  the  isolated,  jier 
fused  lungs,  this  could  tie  due  to  piilmuimry  vas¬ 
cular  constriction  following  release  of  cuterhula- 
inme-likc  agents  into  the  blood  after  endrin'  with 
displacement  of  intravascular  volume.  It  is  also 
(Hissilde  that  in  these  ex[H>rinieiits  it  predomiuuut 
pre-capillary  constriction  occurred,  and  effective 
capillary  lilt  rut  ion  decreased.  How  ever,  this  con¬ 
dition  limy  exist  only  in  the  lung  isolated  from 
the  heart,  in  which  pulmonary  vein  orifice  pres¬ 
sure  is  always  wro.  In  the  venous  return  ex- 
poriments.  left  atrial  pressure  increased  to  a  maxi¬ 
mum  mean  value  of  'J4  mm  Hg,  which  presumably 
increased  pulmonary  capillary  pressure  hy  an 
almost  equal  amount.  It  has  liee.u  demonstrated 
hy  otheis  that  putiimiiury  edema  results  when 
pulmonary  venous  pressure  apprtwrhes  or  exceeds 
pliisnm  i'ullimt  osmotic  pressure,  which  averaged 
±hu  mm  Ilg  in  their  study.’  Assuming  these 
data  as  a  guide,  pulmonary  venous  pressure  in 
our  e.xjiernncnt.s  must  have  approached  or  ex- 
*wded  colloid -osmotic  pressure,  and  some  Joss 
of  pulmonary  vascular  water  probably  occurred. 

An  earlier  re|M>rt  from  this  liiimr.itory'  demon- 
stmlvsl  a  marked  iucmise  in  cerehrai  venous  and 
cerebrospinal  ttuid  pressure  after  endrin,  which 
suggests  the  possibility  of  vascular  fluid  loos  in 
the  hrnin  area.  Another  |sitentiiil  area  for  loss 
of  plasma  water  is  through  the  kidney  secondary 
to  au  increased  urine  How  rate  if  endrin  has  un 
early  diuretic  effect.  However,  this  possibility 
has  not  been  adequately  explored. 

The  development  of  severe  ucidemia  should  lead 
tu  uu  increase**!  heinatocrit  subsequent  to  nn  in- 
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rrM««l  erythrocyte  sixe  dur  tn  the  Hamburger 
(liii'urtxmivic)  shift.*  Although  iiiniii  rni'piiscn 
lur  volume  (M(*V)  im'vvase*  in  mini  animal*.  it 
in  difficult  tn  accept  die  directional  change  with 
great  assurance.  The  inherent  emu  in  euuinera 
firm  of  ret!  tells.  wldeli  t*  mseouitv  tn  culeulitU* 
M(‘V.  is  on  the  oilier  of  1 1 '  >  when  duplicate 
samples  are  uwd  and  run  he  higher.  However, 
the  tendency  for  MOV  to  increase  *ugge*is  that 
some  of  the  unaccounted  rise  in  hematocrit  in 
■plrneet  audited  dogs  is  attributable  tn  uu  incmtse 


in  red  cell  aixe.  The  number  of  red  blood  cells 
per  cubic  millimeter  «>{  blood  also  increased  in 
four  of  live  experiments,  which  suggest  some  low 
of  plasma  fluid  from  the  vascular  compartment 
ns  discussed  in  preceding  paragraphs. 

The  furl  that  systemic  arterial  blood  pressure 
ttnil  cardiac  output  and  betire  nirdiac  work  were 
U-'nid  ■i.iitnd  when  left  atrial  pressure  wtt«  ele* 
vatrd  by  IJO  minute*  |*o*l-endrin  demonstrates  a 
failing  heart.  A  jmssitite  cardiac  anion  of  rndrin 
merits  further  invrxtigntimt. 
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Kuii'w;  1.  Mrmi  vulunt  ‘  xlmulnid  errm*  from  (tv*  d'm*  experiment*  an*  Kr-Mjdnxl  <lriitno*tnitliip  I  In*  (•(TivIk  of  i'/t- 


ilrln  InKectlrUtr.  hrmm<vrl(  ~  Inomtite  tn  hrwatocrit  from  iimtrul  preemlrln  level.  Kmlrln  IrtfiMlou  began  at 


irro  Hum*. 


DOG  A.  BP.  {mm  Hg)  HCT  {«)  A  LUNG  #T  (gm)  PAP  (mm  Hg) 


ENORIN-tSOLATED  LUNG 
(CONSTANT  FLOW) 


,  ENORjN  INFUSION 

PH  — *■  7.27  7  28  6  89 


KiufjQ.  -j.  Mean  uilue*  *  standard  errors  from  live  dog  puuiii-.'erfiised  Isolated  lung  experiments  In  wUc-h  endrln 
WHS  ‘ufused  are  slum’ll.  I s>v  AI11’  =  table*  dog*  mean  systemic  arterial  ,'**«!  pressure;  Hit  -  Ii'ihhI  licmatoerU  ; 
/y  luiic  wt  =  clump*  m  Isolated  hitur  weluht  from  ror.tnil:  I'Al*  =  pulnmmn-v  artery  pressure.  Pulmonary  blood 
(low  was  tamslruf.  Kudrlu  Infusion  betut I :  tit  aero  lime. 
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Kiaruc  3.  Mean  values  u  stumlurd  errors  from  live  venous  return  experiments  showing  the  effect  of  intravenous 
cudrUi  litfii.diiii  on  systemic  arterial  liltsal  pressure  (AKIM.  heiiintiM-rlt  ( it(T),  and  pulmonary  vascular  resistance, 
liogs  were  pretreuted  with  the  muscle  relaxant  succluylrhollne  chloride.  Kudrin  began  ut  zero  time. 
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PKOiJLEMS  IN  AERIAL  APPLICATION:  levels  Release 

IV.  Effect  of  Endrin  on  Venn*  Return  and  Catecholamine  Release 


L  Introduction. 

Hypertension  followed  hv  hypotension  ami 
deatii  linve  Ihvii  ivjKirted  in  dojis  poisoned  with 
endrin.'  1  The  puijmse  of  the  present  study  wns 
to  exit  mine  changes  in  eurdine  output  (venous 
return),  total  [leriphertil  resistance,  and  plasma 
and  adrenal  eiiteeliohtinine  levels  as  related  to  the 
development  of  hy[x  rlension  in  dojis  neittely  |«ii- 
ismetl  with  endrin.  Studies  were  [terfnrmed  in 
totally  [>erfused  dojis  in  wliieli  eoiulit  ions  of 
pressure  and  flow  could  lie  cent  inuonsly  monitored 
and  evaluated. 

II.  Methods. 

Kx[>erimenls  were  performed  on  fill  adult  mon¬ 
grel  dogs  of  both  sexes.  Six  dojrs  from  the  intact 
jirouj)  and  five  from  the  eviscerated  series  served 
as  con  ml  animals  and  were  treated  as  ex  peri - 
mentuis  except  that  they  received  no  endrin. 
Convulsions  ordinarily  rc.sultiuji  from  endrin  in¬ 
fusion  were  prevented  liy  immobilizing  animals 
with  sueeiny  I  choline  chloride  as  previously  des¬ 
cribed.1  Intact  dojrs  were  prepared  as  described 
by  Weil,  et  al.,‘  in  order  to  measure  total 
venous  return.  Evisceration  was  done  in  one 
series  of  exjteriments.1  Endrin  or  a  solvent  blank 
was  infused  into  the  reservoir  after  a  minimum 
equilibration  jieriod  of  K)  minutes. 

Polyethylene  catheters  in  the  femoral  artery 
and  portal  vein  were  connected  to  Stutham  pres¬ 
sure  transducers.  Systemic  arterial  pressuie 
(SAP)  and  heart  rate  were  recorded  on  a  San¬ 
born  direct-writing  recorder.  Portal  vein  pressure 
was  ulso  recorded  from  intact  animals  but  showed 
no  changes. 

Total  venous  return  was  measured  directly  with 
a  graduated  cylinder  and  stop  watch.  Stroke 
volume  and  total  [leripheral  resistance  were  cal¬ 
culated  from  measured  parameters,  Blood  samples 
for  determination  of  pH,  hematocrit,  and  cate¬ 
cholamines  were  taken  immediately  preceding  in¬ 
fusion  of  endrin  and  .'10  and  60  minutes  after 
infusion,  lilood  samples  were  also  taken  from 


Imth  artery  and  vein  at  the-e  times  for  (),  and 
CO,  determinations  by  tlie  method  of  Van  Slyke 
and  Xei!.’1  At  tilt*  end  of  the  ex|>eriment.  ndrenut 
glands  ami  tissue  from  the  left  ventricle  of  the 
heart  were  quickly  tv  moved  and  frozen  with  dry 
ice.  Estimations  of  epinephrine  (E)  and  nore¬ 
pinephrine  (XE)  were  made  by  the  method  of 
Anton  and  Sayre,’  using  the  Aminco-Bowman 
Bpectrophotofluorometcr.  Recovery  was  estimated 
with  each  set  of  analyses  by  carrying  known 
amounts  of  epinephrine  and  norepinephrine 
through  the  entire  assay  procedure.  Mean  recov¬ 
ery  values  were  85.26%  (SE±4.35)  for  E  and 
73.85%  (SE  ±2.64  for  NE. 

A  toxicity  study  was  also  made  with  24  dogs 
attest hetized  with  sodium  pentobarbital.  Endrin 
was  given  by  intravenous  injection,  and  survival 
times  were  noted.  Data  from  six  intact  control 
dogs  indicate  that  the  volume  of  solvent  (ethyl 
alcohol)  used  produced  no  effect  on  measured 
parameters. 

Previous  studies'-1-*  huve  shown  tliat  u  maxi¬ 
mum  response  in  the  parameters  of  interest  in  this 
study  Was  achieved  by  using  an  endrin  dose  of  10 
mg/kg.  Where  applicable,  statistical  significance 
was  determined  by  applying  the  "t"  test  to  the 
mean  of  control  and  experimental  values  at  a 
given  point  in  time. 

III.  Results. 

Results  from  the  various  measured  and  calcu¬ 
lated  parameters  are  shown  in  Figures  1  and  2 
(intact  dog)  and  3  (eviscerated  dogs)  and  Tables 
1  and  2.  Control  and  experimental  dogs  were 
treated  identically  until  infusion  of  endrin  was 
begun.  Data  obtained  at  these  [mints  were  [tooled 
and  used  as  pretreatment  values  in  the  figures. 
A.  Intart  dog*  ( Ifl  ry/ferliiirntr1,  0  control  dog*). 
These  dogs  resjamded  to  endrin  with  n  decreased 
heart  rate  ami  increased  SAP.  Venous  return 
increased  from  it  mean  of  55  ml.  min  /kg  in  the 
control  period  to  *1)  ml/min/kg  (P<t).01)  during 
the  30  minutes.  Total  [teripheral  resistance 
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(TPR)  increased  slightly  in  control  dug*,  and 
decieuw-i  .slightly  in  o.\|icrimeutiil  dogs  (l’<o.2) 
.it  the  end  of  4.’i  minutes  (  Figure  1).  Hematocrit 
ami  pH  mnuiiH'd  relatively  constant. 

During  the  first  .'in  minutes,  oxygen  uptake  ;e- 
tnniued  constant  for  experimental  animals,  then 
decreased  from  4.’)  to  2J>  ml  min  kg  at  t!"  minutes 
(P<ti.2).  Oxygen  uptake  for  controls  demon¬ 
strated  an  over-nil  decrease  as  compared  to  zero 
time. 

E  plasma  level  increased  sixfold  at  DO  minutes 
to  4.7-fold  at  (M>  minutes  (Figure  4A),  whereas 
NK  increased  (enfold  after  60  minutes  (Figure 
414 ) .  Xo  significant  changes  in  plasma  levels  of 
K  or  XK  occurred  iu  control  dogs  during  the  tm 
minutes  of  observation  (Figures  4A  and  4B). 
Concentration  of  epinephrine  diminished  iu  ad¬ 
renal  glands.  Xu  change  iu  catecholamine  con¬ 
centrations  occurred  in  cardiac  tissue  (Table  1). 
Tamlc.  1.  Tissue  levels  uf  eplncjihrlne  anil  norepinephrine, 

Kplntphrlue  Non-pliwphrlis- 

Controls  Treated  Controls  Treated 

Admails  { 4 1 •  8U8.I1  Ml  «18.7t  (4)  I3M»  (5>  ltlO.-l 
jiK/pr  ±  SK  ±.18.4  ±lKt..1  ±30,-1  ±3.1.0 

Heart  Ml  0.1.18  Ml  0.1.11  HI  0..11U  Ml  0.000 

pz/g in  ±sk  ±0,0.18  ±0.005  ±o.ara>  ±0.1160 

•  Number  of  solmnls  given  01  parentheses, 
t  Differ*  front  rontrnls  ut  l‘<0. 1  level. 

B.  Evixceratcd  dvr/*  (fire  control  doyx.  fire  ex- 
/nrrimentul  dot/x).  Heart  rate  decreased  iu  Wh 
control  and  experimental  dogs  of  this  group. 
The  decrease  in  ex(>eriinental  dogs  was  greater 
than  that  of  the  controls  (P<t),0o  at  tin  minutes). 
SAP  of  ex[)erimentul  dogs^ increased  above  that 
of  control  dogs  after  *20  minutes  and  remained 
elevated  for  the  duration  of  the  experiment  (Fig¬ 
ure  tl).  Stroke  volume  increased  from  <1  to  1)  ml 
in  experimental  animals  at  -id,  2.">,  and  tgi  minutes 
<P«U,  Figure  3).  Venous  return  decreased  in 
both  control  and  exi>erimentu]  dogs.  Flow  from 
ex(ierimental  animals  differed  maximally  from 
control  animals  at  30  minutes  (P<<).2).  TPR/ 
kg  in  the.  ex]>erimeutal  dogs  increased  only 
slightly  almve  that  of  the  control  values  (P<0.2 
at  no  nunutes).  pH  level  of  plasma  from  experi¬ 
mental  animuls  decreased  until  the  pH  was  one 
pH  unit  below  that  of  controls  (P<0.1)  at  <10 
minutes.  Hematocrit  increased  only  slightly  in 
this  group  of  dogs. 

('.  Toxicity  xtudy  (i^  dot/x).  Results  from  this 
study  are  presented  in  Table  2  and  show  the 
LD1H  to  be  5  mg/kg. 


2,  TuXldlj-  <*? 


1>hm-  *«.t  uf  Mnrhllit> 

(iufj/tgi  it lillim In  l  *S  1 

in  r»  iimi 

r»  *;  inn 

a  8  7r. 


SiituiVi'iiwUxi)  iii 

Mt’tin  siirtii.il 

IIimt  ilin  ±HK 

2.11  ±n.r.r 

2.75  -Hi.2rt 
2<>.tl>  ±8.13 
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IV.  Discussion. 

Increased  systemic  arterial  pressure  lias  la-cn 
ivjsirted  us  an  curly  effect  of  a  lethal  dose  of 
cndriu  administered  to  dogs  immobilized  wit Ii 
succinylclioliiic  chloride,1,3  but  the  mechunism  of 
this  effect  has  not  Usui  previously  elucidated. 
Studies  with  the  chlorinated  hydns-arlsin  DDT, 
a  related  insecticide,  have  indicated  that  increased 
levels  of  catechol  ami  lies  urc  a  factor  in  the  lethal 
cardiovascular  effects  of  this  compound, fMn  In 
tli  is  study  with  eiulrin,  elevation  of  lxitli  epine¬ 
phrine  and  norepinephrine  levels  and  probable 
parasympathetic  activation, '-1  make  it  difficult  to 
evaluate  the  exact  role  of  the  catecholamines  in 
the  cardiovascular  effects  of  this  c  ompound.  The 
high  levels  of  epinephrine  and  noreninephrine 
found  arc  probably  of  sufficient  magnitude  to 
cause  an  increased  SAP  through  increased  cir¬ 
culating  blood  volume.  The  high  levels  of  epine¬ 
phrine  are,  apparently,  not  producing  the  changes 
in  heart  rate  that  might  lie  exjiected  because  of 
on  overriding  effect  of  central  nervous  system 
stimulation  or  carotid  and  cardiac  reflexes. 

Pressure  iu  a  closed  system  is  directly  projior- 
tional  to  flow  and  resistance  of  the  system.  Any 
change  in  either  of  these  latter  parameters  will 
effect  a  change  iu  pressure.  In  the  present  study, 
venous  return  increased  with  corres|wiuling  ele¬ 
vation  of  cardiac  output  while  TPR  was  not 
appreciably  altered  (P<n.2  at  |w>int  of  greatest 
divergence  from  controls).  Evisceration  of  dogs 
greatly  diminished  the  increase  iu  venous  return 
after  endrin,  indicating  that  the  primary  source 
of  increased  circulating  blood  volume  was  visceral 
vasculature.  The  possibility  of  extravascular  dilu¬ 
tion  was  not  considered  probable  since  the  hemato¬ 
crit  tended  to  increase  even  in  the  eviscerated  dogs 
when  the  splenic  stores  of  KBC  were  removed,  as 
has  been  reported  iu  splenectomized  dogs  during 
acute  endrin  intoxication/ 

Isolated  liver  studies  have  demonstrated  that 
injected  catecholamines  cause  the  organ  to  dis¬ 
charge  stored  blood,11  and  splenic  contraction  has 
also  l>een  shown  to  lie  caused  by  increased  levels 
of  epinephrine  and  norepinephrine. 13  The  level 
of  these  substances  in  the  circulating  plnsmn  as 
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STROKE  VOLUME  TPR/kg  SAP  VENOUS  RETURN 

(cc/strcke)  (mm  Hg/cc/min/kg)  (mm  Hg)  (cc/min/kg) 


-10  -5 


10  15  20  25  30  35  40  45  50  55  60 
TIME  (min.) 


Kioi  ik  1.  Compandon  of  value*  from  lutmt  control  and  experimental  dope  I*  mine*  at  30.  -to.  and  00  minutes  are 
presented  directly  under  point*  for  control  tln*». 
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STROKE  VOLUME  TPR/kg  SAP  VENOUS  RETURN  HEART 
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PROBLEMS  IN  AERIAL  APPLICATION: 

V.  Effects  of  the  Insecticide  Kudrin  on  the  Cardiovascular  System 


I.  Introduction. 

Acute  anil  chronic  effects  of  the  chlorinated 
hydrocarlK>n  insecticide  endrin  in  dog*  have  ineen 
previously  re|K»rtrd.'  1  Kvidence  wax  provided 
for  an  initial  action  of  endrin  on  the  central 
nervous  system  with  a  tmltxeqnent  sympatho¬ 
adrenal  discharge.'  Systemic  hy|>cri  elision  with 
murked  bradycardia  is  an  early  manifestation  of 
endrin  poisoning.1 These  previous  studies  in- 
volvcd  cither  multiple  injections  of  sodium  pen- 
tulmrlntul  or  succinylcholine  chloride  for  the  pur- 
|s>se  of  controlling  convulsions  during  the  post- 
emlrin  period.  Tlie  purimse  of  tire  present  in¬ 
vestigation  was  to  ehiltnmlc  further  on  the  find¬ 
ings  of  the  earlier  studies.  By  avoiding  the  re¬ 
peated  use  of  lmrhiturutes  nr  muselo  relaxant*, 
IMissihle  effects  of  these  agents  in  modifying  the 
cardioxusculur  resixinses  to  endrin  were  elim¬ 
inated.  The  effei'ts  of  endrin  on  the  heart,  pul¬ 
monary  lied.  and  systemic  circulation  were 
evaluated,  and  the  rule  of  the  adrenal  glands  in 
the  early  vascular  resjmnse  to  endrin  whs  de¬ 
termined. 

IL  Methods. 

Several  cardiovascular  ex]>ori  merits  with  the 
chlorinated  hydrocarbon  insecticide  endrin  (1.2, 
-1.  4.  10.  10-hexai  hloro-fi.  7 -epoxy-1.  4.  4a.  5.  6,  7, 
8,  Ha-octahydro-l,  4,  eiulo.  etulo-ii,  H-dimethnno- 
uphthalene,  obtained  from  the  Nutritional  Bio- 
chemical  Cor|v>rat  ion,  Cleveland.  Ohio)  were  j>er- 
fome<l  on  adult  mongrel  dogs  intravenously 
anesthetized  with  sodium  pentobarL..ul  (30  mg/ 
kg  in  body  weight ) . 

Previous  studies  with  endrin  employed  super- 
lethal  doses  of  endrin.1- ’  Initial  survival  experi¬ 
ments  on  dogs  have  I  asm  jterformed  to  determine 
(he  dose  of  endrin  to  la*  employed.  Results  of 
these  arc  shown  in  Table  1.  A  dose  of  3  mg/kg 
was  selected  to  be  injected  intravenously  in  all 
ex|ieriiuents  (endrin  dissolved  in  Ki'c  ethanol, 
2<l  mg- ml). 


The  bas.i-  experimental  preparation  was  one  in 
which  total  venous  return  was  continuously 
measured,  and  cardiac  inflow  was  Adjusted  to 
equal  \  eiKuis  return.’  Animals  were  inspired  by 
means  of  a  Starling  constant  volume  respirator, 
and  the  chest  was  o|wned  by  a  midsternum  split¬ 
ting  incision.  The  right  utrium  was  committed 
following  heparinizidion  (3  mg/kg)  and  ligation 
of  4lie  azygos  vein.  The  suj)erior  and  inferior 
venae  cuvae  were  separately  ennmilated  and 
drained  into  nn  external  reservoir  placed  in  a 
water  bath  to  maintain  normal  blood  tempera¬ 
ture.  Wood  was  returned  from  the  reservoir 
to  the  right  atrium  by  a  Sigmamotor  pump  man¬ 
ually  adjusted  to  maintain  the  reservoir  level 
timstunt  (venous  return  equal  to  cardiac  inflow). 
Current  unpublished  work  in  this  laboratory  has 
shown  insignificant  volumes  of  blood  to  be 
ixjoled  in  the  pulmonary  circuit  after  endrin, 
the  weight  of  the  jterfused  lung  decreasing  after 
endrin.  Cardiar  inflow,  as  measured  when  the 
blood  n-scrvoir  level  remained  constant,  was  as¬ 
sumed  equal  to  cardiac  output  in  the  present 
study.  All  cardiac  output  data,  therefore,  were 
derived  from  flow  rote  into  the  right  atrium. 
Total  peripheral  resistance  was  calculated  by 
dividing  mean  systemic  arterial  pressure  by  car¬ 
diac  output.  Pulmonary  vascular  resistance  was 
calculated  l>y  dividing  the  pressure  drop  be¬ 
tween  pulmonary  artery  and  left  atrium  by 
pulmonary  blood  flow.  Control  experiments,  in 
which  endrin  was  not  given,  were  performed 
in  all  instances  Left  and  right  atrial  pressures 
were  measured  in  both  the  venous  return  experi¬ 
ments  and  in  tli  isolated  heart -lung  preparation, 
previously  rejtorted  from  this  laboratory,4  and 
aortic  pressure  was  measured. 

A  metnbolir  c  -niuution  was  performed  in  which 
oxygen  uptake  ami  curiam  dioxide  production 
were  determined  after  endrin  by  the  Van  Slyke 
inunoiuetrif  procedure  uud  in  separate  experi¬ 
ments  following  administration  of  lOUfc  oxygen 
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during  the  entire  post  endrin  period.  Samples 
wen*  collected  in  oiled  syringes  from  the  fpmontl 
artery  rnnnula  nnd  from  the  pooled  venous  out¬ 
flow.  Oxygen  uptake  was  then  calculated  from 
the  A-V  difference  using  the  measured  outflow 
(cardiac  inflow)  at  that  time. 

As  previously  reported,1  pH  wns  found  to  be 
decreased  by  endrin.  It  wns  thought  possible  that 
changes  in  pH  performed  a  role  :  •  causing  con¬ 
vulsions  seen  in  endrin  poisoning,  so  the  organic 
amine  buffer  T1IAM  [Tris(hydroxyinethyl)- 
nmino- methane,  obtained  from  Abbott  Labora¬ 
tories.  North  Chicago.  Illinois]  was  infused  as  an 
isotonic  solution  (30.34  pm.  /)  ut  a  rate  that  would 
maintain  blood  pH  constant.  The  average  vol¬ 
ume  of  THAM  required  by  the  end  of  the  60- 
minute  period  was  55  or  kg  (SI)  —4.3). 

Heart  rate.  pH.  and  hematocrit  were  measured 
in  all  experiments,  l’lasmn  total  catecholamine 
concentrations  were  assayed  by  a  semiautomat ed 
fluoromet  ric  procedure.1  Hlood  samples  for  cate¬ 
cholamine  analyses  were  withdrawn  at  specified 
intervals  during  a  1-hour  ]>eriod  after  endrin 
in  intact  animals  and  in  bilaterally  adrenalecto- 
rnized  dogs  prepared  as  previously  reported.8 

Blood  pressures  were  obtained  by  means  of  ves¬ 
sel  oannuktion  in  connection  with  Stathani  pres¬ 
sure  transducers  and  registered  on  u  Sanborn 
multichannel  direct-writing  recorder.  All  cardio¬ 
vascular  experiments  were  of  an  acute  nature, 
terminating  1  hour  after  endrin  administration. 

IIL  Results. 

A.  Systemic  Vascular  lie) ponses. — Figure  1 
(all  figures  and  tables  are  in  the  Appendix) 
shows  the  changes  in  mean  systemic  arterial 
pressure,  cardiac  inflow,  and  total  peripheral  re¬ 
sistance  within  1  hour  after  intravenous  admin¬ 
istration  of  3  mg/kg  of  endrin.  Six  control 
animals,  not  given  endrin.  showed  relatively 
stable  values  during  this  j>eriod.  Differences  in 
measured  or  calculated  parameters  were  evalu¬ 
ated  for  significance  at  15-miuute  intervals  after 
injection  of  endrin.  In  seven  experimental  an¬ 
imals,  significant  changes  in  venous  return  (car¬ 
diac  inflow)  and  total  peripheral  resistance  were 
observed  within  3!)  minutes  after  endrin  injec¬ 
tion.  A  marked  rise  in  cardiac  inflow  was  ob¬ 
served  to  coincide  with  a  steady  drop  in  resist¬ 
ance.  Mean  systemic  arterial  pressure  remained 
fairly  constant.  Convulsions  beginning  within 
8  to  15  minutes  after  injection  of  endrin  were 
observed,  and  extensive  salivation  was  seen  in 


r,ll  experiments.  There  was  no  ’  nsisterit  corre¬ 
lation  between  the  onset  of  convulsions  and  the 
onset  of  hemodynarb  ■  alterations  in  all  experi¬ 
ments. 

B.  ('at  'monury  lies ponses — Figure  2  pre¬ 
sents  fir*r  ■■  oi  the  effect  of  endrin  on  the  ptl- 
monary  v  j  .assure  ami  pulmonary  -.tissular 
resistance.  ’though  pulmonary  artery  pressure 
increases  sig  autly.  pulmonary  resists  ■*‘’r  is 
relatively  utki  .nged  Ixecanse  of  the  large  in¬ 
crease  in  pulmonary  blood  flow  [ Figure  1). 
Mean  left  atrial  pressure  increased  markedly 
within  16  minutes  after  endrin  injection  as  shown 
in  Figure  3.  lligi  t-utr:il  pressure  remained  lev 
throughout  most  of  t he  experimental  period. 

Cardiac  standstill  occurred  in  some  experi¬ 
ments  in  which  endrin  was  given,  and  the  ex¬ 
periments  were  nece?  ■  rily  terminated.  Hie  most 
critical  i>eriod  for  development  of  cardiac  stand¬ 
still  was  observed  within  25  to  30  minutes  after 
injection  of  endrin  and  affected  about  20#  of 
the  dogs  used.  To  determine  if  endrin  has  a  di¬ 
rect  action  on  the  heart,  a  series  of  experiments 
was  performed  on  isolated  heart -lung  prepara¬ 
tions,  in  which  the  cardiopulmonary  circulation 
was  totally  separated  from  the  remainder  of  the 
dog.  Details  of  the  experimental  preparation 
have  Ijccii  previously  described.*  Ten  experi¬ 
ments  were  performed  ut  an  estimated  endrin 
dosage  of  10  mg /kg.  based  on  the  weight  of 
heartdung  dog.  Results  from  these  experiments 
are  seen  in  Table  2  und  indicate  that  left -heart 
failure  has  occurred.  Iadt-atrial  pressures  rose 
to  high  values  after  endrin  injection,  while  right- 
utrial  pressures  remained  low.  The  more  sus¬ 
tained  elevated  left -atrial  pressures  seen  in  the 
heart-lung  preparation  may  have  been  din  to  the 
higher  dose.  Experiments  on  the  totally  isolated 
heart  support  those  ou  the  intact  organ  inasmuch 
as  effects  are  similar  though  occurring  at  a  differ¬ 
ent  time  interval. 

(\  Metabolic  lies  ponses. — Experiments  were 
jierformed  to  determine  the  effect  of  endrin  on 
oxygen  uptake  and  carbon  dioxide  production, 
und  results  are  presented  in  Figure  4.  It.  is  seen 
that  control  animals  show  little  change  in  these 
parameters,  whereas  injection  of  endrin  results  in 
market!  increases  in  both  oxygen  uptake  and  car¬ 
bon  dioxide  production.  Oxygen  was  continu¬ 
ously  delivered  into  the  .Starling  respirator  from 
zero  time  to  the  termination  of  experiments  in 
the  separate  study  depicted  in  Figure  4.  Results 
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show  that  both  oxygen  uptake  and  carbon  di¬ 
oxide  production  are  increased  with  oxygen  ad¬ 
ministration.  Mean  IIQ  values,  however,  remain 
relatively  unchanged  in  alt  experiments.  All  dogs 
given  eiuirin  convulsed  strongly.  There  whs  no 
apparent  difference  in  the  degree  of  convulsions 
seen  in  animats  in  each  of  the  experiments  shown 
in  Figure  4.  Table  it  presents  the  mean  arterial- 
awl  venous-blood  concentrations  of  these  gases, 
and  it  is  seen  that  arterial  and  venous  concentra¬ 
tions  of  oxygen  are  very  low  within  30  minutes 
after  ciidrin,  venous  concentrations  decreasing  t« 
2  vol  e/'c,  With  oxygen  administration,  only 
venous  blood  shows  a  drop  in  oxygen  content  after 
endrin.  The  arterial  concentration  of  carbon  di¬ 
oxide  aftei  eiuirin  decreases  at  60  minutes,  while 
the  veno’.s  concentration  is  seen  to  vary.  It  was 
incidentally  found  that  arterial  blood  was  capable 
of  taking  up  more  oxygen  if  it  was  equilibrated 
in  a  tonometer  with  room  air. 

Acidosis  was  observed  after  endrin  with  pH 
-  alues  regularly  below  7.0  at  00  minutes  post- 
endrin.  These  data  ure  seen  in  Figure  5.  Infu¬ 
sion  of  the  organic  amine  buffer  THAM  main¬ 
tained  the  pll  constant,  but  oxygen  administra¬ 
tion  had  no  effect  (Figure  5).  pH  was  well 
maintained  with  THAM.  hut  changes  in  hemo¬ 
dynamic  parameters  were  in  the  same  direction 
(Figure  6).  Neither  oxygen  administration  nor 
TIIAM  nfusion  altered  changes  in  mean  sys¬ 
temic  arterial  pressure,  although  cardiac  flow 
(venous  return)  increased  with  THAM  infusion 
(Figure  6).  Large  volumes  (approximately  800 
cc/experiment)  of  an  isosmotic  solution  of  THAM 
were  required  to  maintain  pH  normal.  This  was 
considered  instrumental  in  lowering  blood  vis¬ 
cosity  and  increasing  circulating  blood  volume, 
which  would  probably  effect  an  increase  in  the 
card  '-,1  inflow  (see  effect  of  THAM  on  circu¬ 
lating  hematocrit,  below). 

D.  Heart  Rate,  Hematocrit ,  and  pH  Changes.— 
Figures  8,  7,  and  8  present  data  on  hematocrit, 
pH.  and  heart-rate  changes.  There  is  some  evi¬ 
dence  of  bradycardia  after  endrin,  which  is  miti¬ 
gated  by  both  oxygen  administration  and  THAM 
infusion.  Hematocrit  thanges  are  insignificant 
in  all  instances  (Figures  7  and  8)  but  appear  to 
fall  with  THAM  infusion  (Figure  8),  presum¬ 
ably  because  of  the  volumes  of  fluid  required 
to  maintain  pH  constant.  Administration  of 
oxygen  had  no  effect  on  pH  changes  as  nor¬ 


mally  observed  in  animals  given  endrin  alone 
(Figure  5). 

K.  Adrenal  Response.— Previous  work  sug¬ 
gested  participation  of  the  adrenal  medulla  in  the 
vascular  resjKm.se  to  endrin.’  Experiments  were 
therefore  included  in  the  present  study  to  de¬ 
termine  plasma  total  catecholamine  concentra¬ 
tions  in  28  dogs  given  endrin.  Findings  are  pre¬ 
sented  in  Figure  0.  Control  experiments  (ani¬ 
mals  not  given  endrin)  showed  statistically  in¬ 
significant  changes  (1*  >  0.10)  in  mean  plasma 
catecholamine  concent  rut  ions.  Animals  given  en¬ 
drin  alone  exhibited  large  u.can  increases  in  cate¬ 
cholamine  concentration  from  less  than  4  pg/f 
of  plasma  to  over  55  pg/f  (P  >  0,01)  by  the 
termination  of  the  experiments.  Increases  in 
concentration  were  significantly  depressed,  how¬ 
ever.  when  pH  was  maintained  constant  by  use  of 
THAM  values  approximating  only  10  pg /l  by 
60  minutes  after  endrin  (P  <  0.05,  compared 
with  animals  given  endrin  without  THAM). 
Increases  in  catecholamine  concentration  were 
somewhat  less  (43  pg/f)  when  oxygen  was  ad¬ 
ministered  with  endrin,  but  this  difference  was 
not  significantly  different  from  animals  given 
endrin  alone  (P  >  0.10).  A  series  of  acutely 
operated  bilaterally  adrenalectomized  dogs  was 
given  endrin.  Values  of  catecholamine  were  low¬ 
est  at  zero  time  and  increased  significantly  to  2.6 
Pg /I  by  60  minutes  post  endrin  (P  <  0.01), 
Hemodynamic  effects  of  endrin  in  adrenalecto¬ 
mized  animals  are  shown  in  Table  4.  Responses 
are  not  significantly  different  from  those  obtained 
in  dogs  with  intact  adrenal  glands. 

IV.  Discussion. 

The  Bummary  schema  shown  in  Figure  10 
helps  to  evaluate  results  obtained  in  these  experi¬ 
ments.  Endrin  injected  intravenously  at  a  till¬ 
age  causing  death  in  approximately  75%  of  the 
animals  appears  to  have  at  least  two  actions:  one 
on  the  central  nervous  system  and  one  on  the  left 
ventricle.  It  is  not  understood  why  endrin  has  a 
damaging  action  on  the  left  ventricle  while  the 
right  ventricle  appears  to  be  unaffected.  It  does 
not  seem  feasible  that  the  lung  would  release 
an  agent  in  response  to  endrin  that  would  have  a 
depressant  action  in  the  left -ventricular  muscula¬ 
ture.  Results  from  isolated  heart  studies  do  not 
suggest  that  increased  cardiac  work  caused  the 
left  ventricle  to  fail,  since  both  cardiac  output  and 
aortic  pressure  remain  constant  after  endrin. 


The  presence  of  pulmonary  hypertension  would 
apply  a  greater  sMtfs  to  the  right  ventricle,  hut, 
even  in  the  face  of  this,  right  atrial  pr assure  ro 
mnine**  low.  The  apparent  adverse  effect  of  en- 
drin  on  the  heart  raises  considerations  regarding 
possible  target  sites  of  action  of  this-  clnss  of  in¬ 
secticides.  Gowdey  nnd  eoworkers  ’  assert  that 
effects  of  chlorinated  hydroca rl>on  insecticides  arv 
exerted  through  Htiniulution  of  central  mecha¬ 
nisms.  not  peripherally.  Itecent  work  in  this 
laboratory  has  shown  that  eudriu  has  no  direct 
vascular  action  on  the  isolated  perfused  liver: 
Ueitlier  hepatic-urterv  nor  portal-vein  pressure 
Were  altered  by  endrin  administ ration. 

A  notable  'eel  lire  in  the  present  study  was  the 
marked  rise  m  venous  return  nfter  endrin.  and 
the  question  is  raised  as  to  the  mechanism  of  the 
increase.  Kudrin  does  not  huve  n  direct  excitant 
action  on  the  heart  causing  its  output  to  increase, 
thus  elevatiug  venous  return.  The  increased  vol¬ 
ume  of  blood  returned  to  the  right  heart  nfter 
endrin  originates  primarily  in  the  hepntosphmch- 
nic  bed.  since  parellel  experiments  jjerformed  in 
this  laboratory  *  show  no  increase  of  venous  re¬ 
turn  in  animals  with  total  abdominul  evisceration. 
The  release  of  stored  blood  in  the  intact  dog  re¬ 
sults  in  a  continued  maintenance  of  a  high  car¬ 
diac  output.  Since  the  released  blood  remains 
in  the  active  circulation,  venous  return  is  contin¬ 
ually  maintained  at  u  higher  level.  The  increase 
in  venous  return  is  not  induced  by  circulating 
catecholamines,  since  adrenalectomy  does  not 
modify  the  response.  The  slight  though  significant 
elevation  in  plasma  total  catecholamines  after 
endrin  in  ndrenaieetoiuized  dogs  suggests  the 
active  participation  of  the  sympathetic  nervous 
system.  Releasing  reservoir  stores  of  blood  could 
result  from  a  massive  sympathetic  discharge 
that  would  augment  the  cardiac  output  by  in¬ 
creasing  venous  return.  Systemic  peripheral  re¬ 
sistance  markedly  falls  with  endrin  administra¬ 
tion.  which  could  be  due  to  the  marked  rise  in 
b'od  flow.  Read  and  coworkers.0  using  an  open- 
chest  dog  preparation  similar  to  that  employed  in 
the  present  study,  have  shown  total  peripheral  re¬ 
sistance  to  be  inversely  related  10  blood  flow  on 
a  passive  basis.  The  drop  in  resistance  in  the 
present  study  could,  therefore,  l>e  passively  in¬ 
duced,  resulting  in  putt  from  u  rise  in  cardiac 
output.  Although  total  vascular  resistance  repre¬ 
sents  net  changes  in  resistance,  some  vascular 
'>*-.;s  may  be  dilating  and  some  constricting. 


Reins  and  coworkers  *  have  shown  marked  renal 
vaacoHstricf ion.  and  therefore  elevated  resistance 
in  the  renal  I  ted  in  dogs  administered  endrin. 

Results  from  this  study  offer  suppo:  •  for  an 
active  participation  of  the  sympathoadrenal  sys¬ 
tem  as  suggested  earlier.2  The  effect,  however,  of 
greatly  increased  levels  of  catecholamines  on  car¬ 
diac  output  as  observed  in  the  present  study  is 
surprisingly  negligible.  The  Immoral  action  of 
endrin  is  apparent  ly  potent  iated  by  acidosis, 
since  maintenance  of  blood  pH  in  the  normal 
range  significantly  decreases  the  amounts  of  cate¬ 
cholamines  released  after  endrin.  It  does  not 
ap|>eur  that  liyjtoxia  is  a  stimulus  for  catechola¬ 
mine  release,  since,  administration  of  100%  oxy¬ 
gen  does  not  significantly  reduce  the  elevation 
of  circulating  catecholamines  over  experiments 
in  which  endrin  alone  is  administered.  The  role 
of  released  catecholamines  in  this  form  of  stress 
is  unknown,  since  their  circulation  in  large  con¬ 
centrations  appears  to  have  little  effect  on  any 
of  the  measured  parameters.  Central-nervous 
stimulation  apparently  accounts  for  the  cardio¬ 
vascular  effect  of  endrin  as  well  as  parasympa¬ 
thetic  participation  in  evoking  salivation  and 
bradycardia.  These  latter  effects  have  been  d«*- 
scribed  by  Kmerson  nnd  coworkers 1  nfter  injec¬ 
tion  of  endrin  and  by  Gowdey  and  coworkers 
following  the  administration  of  aldren.  Prom¬ 
inent  central-nervous  effects  of  the  chlorinated 
hydi-ocarlmn  insecticides  have  been  documented 
by  Gowdey  and  eoworkers,10  Treon  and  co- 
workers.11  Arena.”  Hell,1*  and  Conley.” 

Consistent  findings  in  endrin  poisoning  are 
ncidosis  and  hypoxia.  Marked  convulsions  seen 
in  the  present  study  may  have  interfered  with  the 
normal  respiratory  exchanges  of  blood  gasas, 
since  animals  with  endrin  exhibit  cyanosis.  Alle¬ 
viation  of  acidosis  and  hypoxia  as  performed  in 
t he  present  study  had  no  effect  on  lessening  the 
severity  of  the  convulsions.  The  convulsions  ap- 
parently  result  from  a  direct  action  of  endrin  on 
the  central  nervous  system. 

V.  Summary. 

Kffects  of  the  ehlorinated-hych  xarbon  insecti¬ 
cide  endrin  the  cardiovascular  system  of  the 
anesthetized  have  been  stmli'jd.  Results  in¬ 
dicate  that  enurin  may  display  both  central  and 
l>eripheral  actions.  Hemodynamic  alterations  ap¬ 
pear  to  result  from  central -nervous  stimulation 
and  an  apparent  toxic  action  on  the  left  ventricle. 
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A  marked  anil  prugreoaiiu  increase  in  i  etious  re  - 
turn  (cardiac  iml|iui)  imuu  uitluu  20  minutes 
following  endrin  ndniinist ration.  Total  periph¬ 
eral  resistance  falls  significantly  and  remains 
low,  Kudrin  a  p|  tears  In  exert  a  toxic  action  on 
the  left  ventricle:  left  heart  failure,  demon¬ 
strated  by  elevated  left  atrial  pressure  regularly 
occurred,  Kudrin  produced  n  rise  in  pulmonary 
artery  pressure,  but  no  changes  in  pulmonary 
vnscular  resistance  or  right  atrial  pressure  were 
olwerved,  'Die  effect  of  the  insecticide  in  in¬ 
creasing  cardiac  output  primarily  through  in¬ 


direct  pathways  was  opposed  by  the  tendency 
for  liaut  failure  to  occur.  Animals  given  endrin 
exhibited  large  increases  in  blood  catecholamine 
concentration  that  were  significantly  depressed 
when  pH  was  maintained  constant  with  a  blood 
butler.  Bilateral  adrenalectomy  significantly  de¬ 
creased  catecholamine  concentrations  that,  how¬ 
ever.  were  signifa-anily  elevated  over  preendrin 
values.  Cardiovascular  alterations  were  not  sig¬ 
nificantly  correlated  with  blood  concentrations  of 
caterholomines  after  endrin. 


REFERENCES 


1.  Emerson.  T.  E..  Jr.,  Brake,  C.  M.,  and  Hinshaw, 
1.  It. ;  ('timid.  J.  1‘hpiiol.  42 :41,  1004. 

2.  Reins,  I>.  A.,  Holmes,  I).  1).,  and  Hinsbaw,  L.  B. : 
Ctimii.  J.  Phyilot.  Pharm.  VI  :  000, 1004. 

3.  Hinhiiaw,  L.  U..  Vick,  J.  A.,  Wittmers,  L.  E., 
Worthkn,  D.  M.,  Nklnon,  I).  L..  and  .Swenson,  O.  P. : 
Proc.  Hoc.  Prptl.  Biol.  iled.  108  :  24.  1061, 

4.  Worthkn,  D.  M.,  Anderson,  q.  N„  and  Hinshaw, 
L.  B. :  Am.  J.  Ph  pilot.  202  :  07,  1062. 

5.  Fior-oa,  V. :  Clin.  Chim.  Ado..  12 :  101. 1063. 

a  Hinshaw,  U  B.,  Brake.  C.  M„  Kherson.  T.  E.,  Jr.. 
Josdan,  M.  XI..  unit  Manvci-i,  F.  I>. :  ,4m.  J.  Phyitat. 
207:  ten,  106t. 

7.  Qowdey,  0.  W.,  Qrahau,  A.  R..  Srovin,  J.  J.,  and 


Stavraky,  O.  W.:  Con.  J.  Blacken.  Phyilot.  32:  408, 
1054. 

&  Rains,  D.  A.,  Biuu,  J.  A.,  Jr„  Stayikoba,  W.  B., 
and  Hinsmaw,  I*  B. :  Canad.  J.  Pkptiol.  Pkarm. 

(In  press). 

tt.  Head.  <\  It,  Johnson,  J.  A.,  and  Kvida,  H. :  .In.  J. 
Physiol,  100  :  40,  1057. 

10.  dOWSCY.  C.  W„  Graham.  A.  R.,  3ROUIN,  J.  J„ 
Stravraky,  O.  W..  and  Waud.  R.  A.:  Can.  J.  list 
BcL  30:  520, 1062. 

11.  Treon,  J.  F.,  Cleveland,  F.  P„  and  CorwtL,  J, :  Apr. 
Pood  Chen.  3 :  842,  1055. 

12.  Arena,  J.  M. :  .V.  Carolina  Ued.  21 :  470, 1080. 

13.  Bku.  A.:  1 led.  J.  AmtrvUa.  2MB.  1000. 

14.  Conley,  B.  E .  :  J.  Am.  lfed.  Assoc.  172  :  2077.  1080. 


3S 


36 


PULMONARY  VASCULAR  PULMONARY  ARTERIAL 

RESISTANCE  (MM  HG/CC/MJN/KG)  PRESSURE  (MM  HG) 


TIME  (MIN.) 

Fiouax  2.  Effect  of  endrln  on  pulmonary  hemodynamic*  In  the  das  (M  ±  8E)  (number* 
of  experiment*  ard  Indicated  in  u(lper  frame). 
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AP  (mm  Hg)  AP  (mm  Hg) 


8 


LEFT  ATRIAL  PRESSURE 


TIME  (MIN.) 

Floras  3.  Effts’t  of  tmcirln  mi  atrlul  (imtiuro*  In  lhi“  doc  ( mi'll n  vhIuih  ore  nbuwji  for 
nevuti  o*pt*rlm»Mitnl  ntuillo*  nml  »U  nintrol  fxporlHH*tu»). 
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RO  C02  PRODUCTION  02  UPTAKE 

(CC/M1N/KG)  (CC/MIN/KG) 
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• - •  ENDRIN 

O - o  CONTROL 


P<.OI  PC.O! 


ENDRIN  ( 3  MG/KG)  • - #  ENDR,N  ♦  °2 

O - O  ENDRIN  t  THAM 


t  ~  I 

p<.oi  p<.ot 


TIME  (MIN.) 


Kiai’U  5.  Chang**  in  pH  In  do**  Irralfri  with  wulrln  pin*  nx}Kt*ti  imtl  *mlrln  plua  THAM 
(M  :t  SK)  (number*  of  experiment*  at  e»di  point  ure  ImJIcutetl  by  number*). 


i'touas  8.  Chance*  la  hetiKKljtui  taint  in  do*»  treated  with  endrln  plus  oxjfm 

and  endrln  plu*  THAU  (U  ±8E)  ( number*  of  experiment*  are  abeam  In  upper  frama). 


Tfmr.  poel-ett 4rin 
(MiMUlCt) 


OJtpptm  aiml* ieientd 
ioo/mim/kg)  (IT  ±MM) 


0 

10 

20 

SO 

40 

00 

« 


000  ±78 
BAS  ±48 
080  ±118 
744  ±01 
781  ±20 
810  ±43 
747  ±M 
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7  yJtert  0t  *"*•«  uiul  ru«,.  I»  <«  *«E)  . , . at 

exiwrliu^uijt  itiUlruiiti  ui  t^rti  iiim<  »f  iu**u»uivimmt ). 


AtiftfudU 
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RATH 

/MIN. 


4a 


PLASMA  TOTAL  CATECHOLAMINES  ^g/L 


MINUTES 


Fiorsr  9.  Effects  of  eudrltt  and  various  treatment  procedures  or,  plasma  total  catechu-, 
lamine  concentrations  (mean  values). 


PLASMA  TOTAL  CATECHOLAMINES  ^s/ L  (M  ±SE) 


Time 

(min) 

! 

Control 

1 

1 

j 

I  Endrin 

1 

Endrin 

plus 

oxygen 

Emlriti 

plus 

THAM 

j 

Adrenal  ec- 
tomUed 
plus  endrin 

0 

1.1  ±0.0 

(X  =  ti) 

3.4  ±3.3 
(X  =»  O' 

3.7  ±3.4 
(X  ==  5) 

1.5  ±1.0 
(N  —  6) 

0.7  ±0.2 

(X  "  0) 

+  30 

1.8  ±2.1 
( N  —  C) 

11.5  ±38.0 
(N  =  6) 

20.0  ±20.0 

<  X  =  5) 

0.0  ±5.2 
(X  =  6) 

2.6  ±0.0 
(X  -  0) 

+00 

1.8  ±1.0 

50.  8  i  30.  4 

43.4  ±23.2 

10.3  ±9.0 

2.G  J  <\8 

(N  =  8) 

(X  =  4)  ! 

<N  •=  4) 

(X  4) 

] 

(X  -  6) 
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ENDftIN 


4  ntravenous 
Injection 


-fTS 


Sy  mpotheti  c 
nerves 


> t 


Adrenals 


< > 


Increased 

vtnoul 

return 


Marked 
increeie 
in  plasma 
catecholamines 


Convulsions 
(Skeletal 
Muscles} _ 


Increased 
card!  ac 
outpc  t 


Parasympathetic 
nerves 


1 


Excessive 

salivation 


Left  Ventricle 

I 

Heart  Failure 


Decreased 
Cardiac  Output 


♦ 

Bradycardia 

Decrease  in 
effective  gaseous 
transport  in  hangs 

hypoxia 


Decrease  in 
^  vascular 
resistance 


Kiaiiz  10.  Sues#* ted  sebems  for  set  loo  of  endrtn  In  do*. 
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Appendix 


T able  1.  Kndrin  toxicity  studies  in  dogs. 


(mg/kg) 

;  i 

i  1  ; 

i 

2 

hi 

i 

6 

10 

No.  animals . 

6 

a 

8 

c 

& 

survival 

Permanent 

24 

20 

3 

2 

time*  (hr' 

i  survivors 

Percent  mortality .. 

o 

i 

40 

75 

100 

10O 

Tahl.z  2.  Effect  o /  endrln  on  isolated  heart  (M  ±  SE). 


Expert  trn-i 

tala  (five  preparations) 

Time 

AUP* 

RAP 

LAP 

Cardiac  output 

(min) 

(mm  Ilg) 

(mm  Hg) 

(mm  Hg) 

(cc/min/kg) 

0 

01  ±5.5 

6.9  ±3.0 

8.4  ±4.1 

74  ±5.1 

20 

04  ±0 

5.2  ±2.1 

10.3  ±4.3 

76  ±6.4 

40 

04  ±  0. 1 

5.3  ±2.2 

14.3  ±4.6 

72  ±5.2 

60 

02  ±0.8 

5.0  ±2.3 

30.0  ±4.0 

67  ±5.8 

Controls  (five  preparations) 

Time 

ABP* 

RAP 

LAP 

Cardiac  output 

(min) 

(mm  Hg) 

(mm  Hg) 

(mm  Hg) 

(cc/raln/kg) 

0 

00  ±4.8 

2.  1  ±2.0 

3.6  ±1.2 

80  ±2.5 

20 

00  ±4.2 

3.0  ±2.3 

3.2  ±0.8 

79  ±3.1 

40 

86  ±7.4 

3.  1  ±2.8 

2.8  ±0.8 

78  ±3.1 

60 

85  ±7.5 

3.2  ±3.1 

3.8  ±0.9 

76  ±4.05 

•ABP=arterlal  blood  preaaure. 
RAP  =  right  atrial  pressure. 
LAP -let l  atrial  preaaure. 
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Ta iii >.  :t.  KIToct  of  endrin  on  blood  concentration!!  of  oxygen  and  carbon  dioxide  (M  ±  HE) 


Time  Oxygen  Carbon  dioxide 

uuiiii  £vul  %)  (vnt  <%) 


Artery  Vein  Artery  Vein 


Control 

0 

17.13 

±0.92 

10.78 

±  1. 10 

26.49 

± 

1.00 

33.25 

±1.17 

+:10 

10.  SI 

±0.90 

10.211 

±  1.25 

26.63 

± 

1.01 

32.48 

±1.14 

+00 

17.  10 

+  0.112 

10.65 

i  1.20 

24. 77 

± 

1.28 

30.  44 

±1.32 

Kndrln 

0 

17.31 

i  0.  73 

10.03 

±0.78 

20.41 

± 

1.83 

32.  43 

±2.46 

+30 

10. 84 

i  1.07 

2.  12 

i  l .  3a 

28.00 

-j. 

2.39 

37,41 

±2.05 

+00 

11.21 

+  1.75 

1.83 

■+ 1.12 

19.07 

-t. 

3.23 

30.45 

±1.46 

Endrin  *f 

0 

14.30 

+  1.26 

7.63 

±  1.35 

32. 35 

± 

2.48 

38.86 

±2.34 

oxyRon 

+31) 

1C.  04 

1  1.21 

4.32 

1  1.  18 

30.87 

4; 

2.15 

37.23 

±5.56 

+00 

14,73 

*-  2. 03 

2.34 

+  0.68 

28. 40 

± 

4. 01 

43.56 

±1.  11 

Table  4.  Effect  of  endrin  following  acute  bilateral 
adrenalectomy  on  hemodynamic  parameters 
in  dogs  (mean  values,  five  animals). 


Time 

postendrin 

(min) 

Mean 

systemic 

arterial 

pressure 

(mm  Hg) 

Cardiac 

inflow 

(cc/mir./kg) 

Total 

peripheral 

resistance 

(mm  Hg/cc / 
roin/kg) 

0 

94 

62 

1.6 

f> 

77 

55 

1.4 

10 

78 

66 

1.2 

15 

89 

92 

1.0 

20 

78 

102 

0.9 

25 

74 

113 

0.7 

30 

61* 

118 

0.0 

35 

60 

109 

0.6 

40 

67 

102 

0.7 

45 

68 

08 

0.7 

50 

67 

91 

0.8 

55 

65 

93 

0.8 

60 

61 

83 

0.8 
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